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(S7) CLAIh 1. A method of digging and transporting soil and 
sand, rockb and stones, minerals o. the iik«? by rhe use of a drag- 
line trcluding a bucket cseans for digging and carrying E«Id soil, 
rocks, cincrais, or the like, a boon ra»an« suspended for swinging 
senvecent therewith, a buck* i control ca; an is for controlling said 
bucket means, rna a boon control «,'m» for controlling the swinging 
Boveaffnt of said boor aeans. taid "*ethod comprising the steps of: 

(a) fisting a hepper xsvnr.s at a ; c<ic ternir.cd location straddling 
& conve/or neans for transporting the material dug. scld hopper 
e»cr»s being shif table along the convc/or aeans and adipted tc 
receive tnc dug cutcrial as carried in the bucket want bv said 
drcgline and load the naterial onto the conveyor ca?«n«. 

(b) positioning *aid drugiiric at such a location tha: the dug 
tt&t&ricl in the bucket cieane cuay be dusped froo right above said ho- 
pper osana : 

(c> digging ^oil, rock, ta\neraln, etc *ind loading the t^terUl 
dug onto sale 4 hopper means by operating said bucket control easana 
and boots control rseans at said location /md performing such digging 
find loading operations in a like nanner with said bootn cseans 
. . 12 
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(11) AU-B1-38089/78 



positioned at £co variouQ owing poaitiono. «» required; 
<d) Chor@aft<er ohifting said hopper roans by « certain 
digconc® along oaid cor.veyor ras«ns snd fining it in 

(©) carrying out th® ocepo (b) end (c> ; end 

(O *s>p«atin R the steps <d) and (e) . ffl9 required. 
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cification for tho invention entitled* 

SS H °L^^^ PAR ^ TUS TOR DXCCIWG ANO TRANSPORTING SOIL AND 
®5mto 0 AND ROCKS, MINERALS AND THE LIKE 0 

nt is a full description of this invention, 
*hod of performing it known to us ; - 
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*?his Invention relates to a ©ethod oc^W^po<?o<>®c> 
for digging o tones and rocko, ©oil and sand, ainere la, 
and th@ lite® (a© \*ill hereinafter be called aerely soil 
and rock for sisaplicity) , and ©ore particularly to a 
©ethod of digging soil and rock by the use of a novel 
combination of a dragline with haulage or transport 
©ystesa such as conveyor E*eans and hopper meana^«^-^-«> 
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Prior Art? 




In recent years there has been a need for high- 
production and high efficiency excavation methods in targe 
ocalQ land creating wrks p foreshore reclamation works. 
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our^fios coal aining worko on coal seams having thick 
overburden, or the like,, On® conventional method of 
digging ©oil and rock in th© open air was to effect 
^tcavation by a shovel loader and carrying a^ay the 
@s:cavat®d material by trucks, Another ©ethod uas to effoct 
oacav&tion by a bucket wheel ©xcavator and haul the 
osc&vatod ©&t©rial on a belt conveyor <> Any of theo© prior 
art fssthods ha© b<&©n uncatiQ factory with respect to th® 
M,<g& (g&gfc&e&fey aafi c*2£iei©»ey wh©a th©y w©r© applied to larg©** 
@@aJLo woshQo Both tfo£> oho^ol loafior and th© bucket w&©©3> 

^Qfe^s* v?®%<& ia&o^oatiy iioifcofl &>n oi&© oZ thoir ohov^JL or 
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eapaeifcy. addition thoy vqfq particularly unouit&bL® 

goir handling lawqo ©&oo@q o2 goJ 1 Qfw3 K<*ck r qo th&fc 

jBanhouro irequi^ 2oe: blaofcing operation© to 

5 prevent ouch lirq« aasecs 2r*>a b<?lrw3 produced or for 
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boulder blasting operationo wtien great lusips were 
produced. The aforesaid forsasr o&<tho& io undeoirabl 
©specially in escavating placao involving buspy roado becauo® 
truck q are subject to sever© dosages <> 

Digging by the u@© of a high capacity dragline 

io knotm in a vast amount of rock removing work on 

rrirffi^o (ewer border*) , . 

overlying^o<KS£>fe«>-4^<^^ above a coal aeasa as In a 

otrip coal saining. This saethod provides a very high 

efficiency and large capacity operation in that the 

overlying rock a© dug by the dragline are dumped and 

piled directly on the gob or waste area without using 

oaw Intorsediafc© fcsransport esens. However,, in sainistg 
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QulfeiplQ eoal/o=Ci£3oCo having e*or© £&an two coai seasu it 
sav bo isapossibl® fco carry ©u£ tho fining operation 
oa the second and low^r coal oeaos whan the total thickneoo 
@£ ^hQ overlying Jrock layo^o ossceedo the capacity of a 
firoglins. Practically, therefore, it hao bwn heretofore 
q <aoucl practice to sine only the firot upperso.it coal 
ocaasa evan in the esse of a aultiple coal otrata,or at 
SODS <b© dig out the upper 1-ayer of rock ovar lying the firot 
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coal tear* by a power shovel, haul the excavated material 



to another place by truck 0 and then use dragline* to 
4>&yyfc g »y\ the overburden of the second coal seam. 
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Even in the case of a single coal stratum, if 
there is a l>rge thickness of overburden, there will be 
a correspondingly increased quantity of waste produced, 
so that an increased proportion of the waste which has 
once been dumped at one place Bust be again transferred 

CO to another distant place, resulting in decreasing the 
CO 

10 efficiency in operation. Furthermore, the boom of a dragline 

Bust be swung through an arc of more than 90* up to approximately 
180* in operation in order to dump the waste as far as 
possible, resulting in extending the time required per cycle 
of the bucket, hence a decreased efficieny, This is due 

15 to the dragline's characteristics that despite its groat 

digging capacity the transporting distance is limited 
to the length of its boon or at most the order of 
100 b * 
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Belt conveyors are know as a large capacity and 
high efficiency haulage means • Shi f table conveyors capable 

of lateral movements are particularly suitable for use at 
a mining area where mobility of the transport means is 
required. Hining operation is composed primarily of 
digging and transporting operations. In the past, however, 
there has been no mining process employed involving a 
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eesSbia&tion of a dragline ao described which lo a large 
capacity art£ high efficiency oscavator and a bolt conveyor 
t?8&iLeh io llke^riLse q high capacity and high efficiency 
tiraftGporter 0 Or® of the reaoono io attributed to the 
dragline 0 © characteristics., ffeafc io„ sine® the dragline 
agings its boos to saove its vaet bucket filled s^ith 



<§*b t ^ lQ excavated ©oil and rock (as will hereinafter 




^ be referred to as excavated or dug caaterial) , the 

dragline is best suited to dusap the excavated material 



^?hile scattering it over soae extent of area. But it ha© 
difficulties in dumping the excavated material onto a 
particular osaall target such as a hopper or the deck of 
a trx&cko If this ig to be done, it tfould take such tise 
to position the dragline itself such that the bucket ©ay 
bo brought to a pooition directly above the hopper* Xt 
would alao take a lot of tiba® to bring the bucket to a 
halt just above the hopper is* each cyclic operation betweea 
GCffopisag and dxsaping actieno by the bucket Q resulting in 
&?i ©s:tend©d eyclo ti©e of the bucket and a decrease in 
ofTfieiency. The draglin© eould not thus exhibit its 
ii^hQsront special per for©aneo e Conversely 9 if the 



toseket ©11* 



to dusp the eattsrial over a consider&bi© 




©.tstont of rogion? the hoppoi? ohould be an erorsaou© on® i® 
oisQ Qnough to jreceiv© the t^o^is^ locket. Even though 
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certain extent by spending such ticae in controlling the 
©oveaent of the bt&cket as described above, the bucket would 
still be of a considerable oise and should be capable of 
©oves©>it a© the dragline iQ gioved around. Such movable 
hoppers have not heretofore been proposed. 

Another reason that the combination of the 
dragline and belt conveyor has not been used lies in 
the belt conveyor. Material© dug often contain big 
@a@ses of rock or stone* While the dragline can scrape 
np such big luaps by its vest bucket 0 ordinary hoppers or 
belt conveyors cannot accommodate or handle big lu3ips» 
IPO? th© foregoing reasons any mining systesa utilising a 
combination of draglines and belt conveyors has not been 
conceived of in the past. 
<tS&§&&$&-$&8> SUMMARY OF THE INVENTION: 




An object of the invention is to provide a 
thod of excavating stones and rocks, earth 
o ainar® I© and the like by the use of a novel 
©c§&i&&t£on of th© dragline and transport means. <sxs& 

&s»t8t©r object of th® invention is to provide 
o @@tho& o? ©sccavating and carrying away stones and rocko* 
&&?t& &s%d o&ftd, lainerel©, etc. in an efficient manner. 
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According to ona aspect of the invention, a 
method of digging and transporting soil and sand, rocks 
and stones, minerals or the like by the use of a dragline 
including a bucket means for digging and carrying said 
soil, rocks, minerals, or the like, a boom means suspended 
£2 for swinging movement therewith, a bucket control means 
for controlling said bucket means, and a boom control 
means for controlling the swinging movement of said boom 
means is provided which method comprises the steps of: 

(a) fixing a hopper means at a predetermined 
location straddling a conveyor means for transporting 
the material dug, said hopper means being shiftable along 
the conveyor means and adapted to receive the dug 
material as carried in the bucket means by said dragline 
and load the material onto the conveyor means; 

(b'j positioning said dragline at such a 
location that the dug material in the bucket means may 
be duaxped from right above said hopper means; 

(c) digging soil, rock, minerals, etc* aud 
loading the material dug onto said hopper means by 
operating said bucket control means and boom control means 
at said location, and performing such digging and loading 
operations in a like manner with said boom means positioned 
at its various swing positions, a» required; 

(d) thereafter shifting said hopper means by 
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a certain distance along said conveyor Eaeans and fining 
it in place? 

(e) carrying out the otep® (b) and (c) ; and 

(f) repeating th® otepo (d) and (©) , as required. 
According to another aspect of the invention, 

an apparatus for transporting ©oil and sand, rocks and 
stones, sainerals or the like dug by a dragline is provided 

QO 

^ which apparatus includes a hopper aeans straddling a 

conveyor sieane for transferring the saaterial dug, said 
hopper aeans comprising a pair of opposed side walls 
extending parallel to the longitudinal axis of said conveyor 
esans, the walla defining an upper opening for receiving 
th® saaterial dug and sloping downwardly inwardly toward 
the conveyor saeans to forsa therebetween a lower discharge 
opening through which the dug saaterial is deposited onto 
thQ conveyor saeana? a pair of oppooed end walls extending 
tfiranovoroely to th© length o£ the conveyor seams* 
a oi@vo eseano a* tending acreoo oaid upper openistg for 
separating relatively largo oaoooo £rcsa said dug tsatcarS.©!? 
oupport Eseano for Gupportin^ at ieaot oeid oids wallo* and 
sobi 1© aoano attached to oaid oupport caeana for saahiftg 
oaid hopper ©©an© raovable along the conveyor eaaans. 
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opposite the direction of inclination of said hopper mean*; 
a support reans' for supporting said receiving plate, iM 
mobile means attached to said support means movable along 
said conveyor means, said receiving plate beirtf^disposed 
£2 above said hopper means. 

According to still another affect of the invention 
a transporting apparatus of the typfe described is provided 
which further includes a second/conveyor means positioned 
shiftably along said sieve m*£ns and arranged to receive 
and transport those lar^^masses of the dug material 
separated by said si^ce means, a crusher means positioned 
shiftably along Mid hopper means and arranged to receive 
the large masses from the second conveyor means and break 
them to ?c4gments, and a third conveyor means positioned 



along said hopper means and arranged to carry 
broken fragments froa the crusher means back to said 
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BRIEF DESCRIPTION OF THE DRAWINGS t 

These and other objects and advantages of the 
Invention will becosae more apparont from the following 
detailed description taken with reference to the 
accompanying drawings in which t 

Fig. 1 is a side elevation of a walking dragline; 
Fig. 2 is a top plan view illustrating an entire 
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&rrang<2QQnt in © aining area to which the fining systea 
according to th® invention is applied? 

Pig. O is a diagraaatical view showing the positional 
relation between the hopper and walking dragline; 

Pig* 4 is a perspective view illustrating the 
conventional operation of the bucket of the dragline; 

Fig e 5a and 5b are scheaatic views showittg sequential 
steps of operation of the walking dragline* according to 
the invention; 

Fig. 6 is a side view showing the operation of 
a bucket using an auxiliary rope according to the 
invention; 

Fig* 7a and 7b fire schematic views showing 
sequential steps of operation of the walking dragline 
equipped with an auxiliary rope according to the Invention* 

Fig« 8 is a schematic view showing the 
operational principle on which the dragline with an 
ausc'liary rope according to the invention is driven; 

Fig. J is a plan view illustrating the ©ethod 
according to the invention of digging the overburden of 
each of three coal seams in a three^>^ws><><&- co&l ain©$ 

Fig. 10 is a sectional viow taken on th® II 
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Fig. IS is a front vie 



on a support! 





wheel mounted 




of the hopper; and 
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PREFERRED EMBODIMENTS OF THE INVENTION! 
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Referring to Fig. 1, a walking dragline 1 is shown 

c; 

^ comprising a revolving frame or main body 2 rotat&bly 

mounted on a radial base 3a for swinging movement about 
OO a central axis 3 along with a boon 4 mounted to the 
frame. Extending upward from a hoist rope drum 27 
secured to the revolving frams is a hoist rope 9 which is 
trained around a head sheave 7 and then hangs down. 
Suspended froja the forward end of r.he hoist rope is a 
bucket 6, A drag rope 8 extending f rc*n a drag rope drum 
27a is also connected to the bucket 6. The walking dragline 
1 is adapted to move around on its legs (not shown) which 
car be extended downward from the revolving frame 2 as 
required. 
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The excavating method according to this 
invention will first be described with reference to 
Fig* 2. If the bedrock to be excavated is excessively 
hard, the rock is beforehand broken to plecos by blasting 
The excavated material is then scraped into the bucket 6 
of the walking dragline 1, and the boom 4 is swung to 



mo^e the bucket to a position over/*** hopper 14 for 
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AaapistSr t&<2 taaterial Ar.Lo the hopper. The taaterial i p 
Aapositod through the hopper cn^o^<^s> belt conveyor 13 to 
be hauled therekry. Thig procedure is repeated until 
the dragline haa finished digging the ©oil and rock 
within the reach of the dragline located at a fixe'J place, 
hereupon the dragline is ©oved to another location to 
'continue with the excavating operation in « pi^llar tanner 



q ***h© tilt angle of th*» boo© can be adjusted, but as it 
2?©<iruires ©uch tiiae, the booca is usually operate at a 
listed dip angl© for a particular worfe unit under the 
&a®e tsoricing condition©* The range of isovetaent of the 
draglina is limited to an arc with its center at the 
center 10a of the hopper |<j a ^ vith the length r of th& 
booa as a radius* as ©how in Fig. 3. Tb- #gth of 
the boo© i© soecifically defined aa the distance between 
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the forward end 5 of t.i* boo® and nhe central a«is 3 of 
the revolving fras>e 2. On the other hand, th« lateral 
width c£f on® digging or cut sone io deotgned such tha* ao 
long QO the dragline ©ov@@ around within *aid rarvje of 
aov^Rt it can perfora the eitcovation. Hher. the <j>ncsvat ioa 
¥&&foLn limits ao defined by a particular fined location 
@£ the hopper 1<1 is cc©plet^d tf the hoppex to tsoved Along 
fcfc© bolt conveyor 2 3 by a diatanc® e<suivsl@nt to one 
<&r&#gis>e @r ocr&pisfcg ot&olc© of the dragline 1. Then, fcfc.j> 
<&g&®lk®:3 4s (Eoved to q gjooifeion which accosssodateo the 
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distance® with respect to both tho hopper 14 and th** 
worthing ?ac@ 12 and continued with the excavation in 
a ©isuil&r ©annex;. In this ©anner ti«o <&»cavatlon work is 
contJ>nv©d a© tho dragline 1 ©nd hopper 14 are p&ov^<3 otepwi®e 
along the be?it conveyor 13* ^h«?n the dra<?<ine 1 f.hus 
reaches the end of the whole workirvg area, the dragline, 



hopper 14 ar*d belt conveyor 13 are all shifted laterally by 
^® 6 distance r*qual to one cutting vidth of the dragline to 
continue with the digging of the next adjacent zone to be 
dog of the area in a similar scanner. In this case, the digglr 
aKjuipaent nay be returned to a location adjacent the 
©tarting point of the preceding working zone to effect 
the ©Kcavacion in the sa»e direction as with the preceding 
digging* Or alternatively, the excavation saay be turned 
back frosn the terminal end of the preceding digging son© 
to proceed with the excavation of the nest t zone in a revoro® 



direction . 



In order to du»p the esrcavate<I material precisely 
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over the hopper, first cf all the dragline roust be located 

at a proper position, t. is, on the aforesaid arc 

with the radius r about the center of the hopper. However, 

it is troublesome to position the dragline and the 

hopper as by using a measuring t&po each ti&ae the dragliffe® 

and/or hopper are displaced* Thio problee taay advant&geouoly 

be solved by using an optical distance sieasuring equipment 



such ac a stadia telescope or an ordinary distar>ce measuring 
instrus&ent . Taking into account the fact that the boon 
is about 50 to 100 m in length, it will be sufficient if 
the accc/acy of the measurement is j~ to or better 

in which esse the error will be less than 30 on. 

For the positioning procedure it in required only 
initially to 3K>ve the dragline in an actual trial so 
that the forward end 5 of the boom is positioned just 
above the center 14a of the hopper. Once the boon end 
has been aligned with the hopper center, the optical 
distance measuring instrument 11 is maneuvered at the cab 
of the dragline to be pointed at the center 14a of the 
hopper and fixed in place with respect to the dragline, 
and the distance is read from the instrument. T;.e 
distance thus read is defined as r f . Once this setting 
has been established, the operator can measure the 
distance from the dragline to the center of the hopper by 
the optical distance measuring instrument as the dragline 
or the hopper is moved around, and if the distance is equal 
to r*, it means that the central axis 3 of the revolving 
frame 2 lies on an arc with a radius r 1 about the center 
14a of the hopper. The operator can thus make the 
positioning operation by himself. Although the positioning 
procedure has been described in a more or lests typified 
manner for the benefit of simplicity, in practice the 

- 14 - 



bucket 6 la offset inwardly toward the dragline body 
as Bh^vn in Fig. 4 rather than lying right below the 
head eheavo 7 du'ring the duwping action. However, it is 
only required to make tho initio positioning operation. 
5 and subsequent distance measurements may bo made with 

f? the bucket 6 in alignment with the center of the hopper. 

The method of controlling the movement of the 
O bucket will now be described. The bucket of the properly 
.... CO Positioned dragline is moved around over the entire working 

• • 

^ 10 face 12 during the digging operation. But, the duoping 

; : -•*» 

position of the bucket/44 fixed in both a horizontal and 
vertical plane. Accordingly, it is possible to insure 
• S .. : the Positive dumping motion of the bucket over a narrow 

hopper as well as to substantially reduce the cycle time 
of the dragline by automatically controlling the 
ttoveaent of the bucket between at least the coop]ct»on 
of the scraping action and the dumping action. As a method 
of accomplishing the automatic control it is conceivable 
to install a photoelectric tube or radio beacon on or 
adjacent the hopper so a R to detect the proxinxty of the 
bucket or boom and feed a signal back to the dragline 
for controlling. However, such method involves soae 
unreliability due to external disturbances. in addition 
it Is unsatisfactory f roos a view-point of Installation 
cost and maintenance services in that it requires oither 
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tunication cable or signal generator for transmitting 
signals to the dragline which is a mobile machine. 
One <St the most preferable methods is to 
accomplish the automatic control on the basis of the 
number of residual pulses adapted to be produced in 
direct proportion in number to the number of revolutions 
of the associated drive shafts of the revolving frame, 
drag rope drum and hoist rope drum, said pulses having 
positive and negative signs depending on the direction 
of rotation of the associated drive shafts. 

The automatic control according to the invention 
will be described in details as follows: 

(1) Control of the rotation of the revolving frame (hence 
the boom) t 

A pulse signal generator is installed on the 
drive shaft of a drive motor for rotatively driving the 
revolving frame or on the transmission between said 
drive shaft and the driven revolving frame, said signal 
generator being arranged to produce pulses proportional 
to the number of revolution* and having positive and 
negative signs depending or the direction of rotation 
and to provide the pulse signals to a pulse memory where 
the positive and negative signals cancel each other. 
Positive and negative signs of pulses may be discriminated 
either by the pulse sh^pe or by discriminating the direction 
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of rotation of tho electric notor. 
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the boom 



In operation of the dragline the orientation of 
is preliminarily aligned with a reference line 



extending between the central axis 3 of the revolving frame 
and the center 14a of the hopper and the pulse memory is 
reset at zero to eliminate any residual pulses, so that 
the angle forrved between the orientation of the boon and 
the reference line (as will hereinafter be referred to 
as horizontal angle of the boos*) is directly proportional 
10 to the number of residual pulses in the memory with the 

angle and the number corresponding with each other at 1 
to 1. After the scraping action by tho bucket is completed, 
the acceleration, constant speed movement and deceleration 
of the revolving frame are successively effected by the 
15 automatic controlling according to the number of residual 

pulses corresponding to the preset horizontal angle 
of the boom. The control operations are preliminarily 
programmed in a computer on the basis of calculations and 
actual experiments so that a maximum efficiency in 
20 operation may be obtained. The machine is operated 

in accordance with the instructions from theA wn y t a r , 
In Fig. 5a, by way of exajcple, the automatic control 
is initiated at the digging point (A) whereupon the 
revolving frame is increasingly accelerated in its swinging 
25 movement into the constant speed travel at point (C) , 
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and then Is decelerated at point (D) until it is brought 
to a halt at point (B) . These controls are effected by 
aeana of the computer according to the numbers of residual 
pulses (W), (X), (Y) and (S) corresponding to the positions 
(A), (C) , (D) and (B) , respectively of the boon. The 
return travel of the empty bucket is usually manually 
controlled because the digging point (A) is changed 
from tine to tinso. in scsae instance s, however, an 
initial portion (fixed portion) of the return travel or 
swing may be incorporated in the automatic control. 
(2) Control of the drag rope and hoist rope: 

As with the control of the rotation of the 
revolving frame, a pulse signal generator is installed 
on each of the drag rope and hoist rope drums, said generator 
being adapted to produce pulses proportional in number to 
the number of revolutions and having positive and negative 
signs depending on the direction of rotation so that 
the pay-out (release) and wind-up (pull) of the associated 
rope may be automatically controlled according to the 
number of residual pulses which number corresponds with 
the length of the released rope at 1 to 1 . (However, 
the relation between the number of pulses and the paid 
out length of the rope is not necessarily proportional 
in the case of a drum having more than two plies of 
rope woun4 thereon in which one turn of rope in the inner 
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ply io short©? than one turn of rope in the outer ply.) 
iPor ©Kasapl©, in Pig. 5b th© material is scraped into 
t-h© bucket by sainual control in steps 1 to 3, thereupon 
the automatic control is initiated whereby the drag rope 
i® released while the hoist rope io wound up until the 
hoist rope is shortened to the length suitable for duaping 
(in step 4) . At this point both of the ropes are stopped, 

C3 

<@> a «d then in step 5 when the bucket is positioned right 
over the hopper, only the drag rope is paid out to dump 
the saaterial. It should be noted that the instructions 
to stop the two ropes in step <! are issued according to th© 
nufisber of residual pulses corresponding to the paid 
out lengths of the two ropes whereas the instructions 
oooo Q to release the drag rope in step 5 are issued according 
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o oo to th© number of residual pulses of th© revolving fraae 
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corresponding to the horisontal sngl© of the boo® when 
th© bucket i© brought to a position just above the hopper,, 
Upon completion of dumping* th© return step 6 is perforsaofi 
0 °o 00 o manual control back to th© digging ©t@p 1„ Xt is 

o oo 

§* )oo 20 because th© digging point io chaaged fro® ti«a© to tist© 

over the working face that th© return and digging 
steps are &aanu*ally controlled,. The point at which the 
o ^ sod© of control is ©witched fro© saanual to automatic (in 

other words th© paid out lengths of th© drag and hoist ropQo 
^h<sn th® operation i® switched froa digging to transportation) 
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io not constant for each cycle, either, for e»asple, 
scsaatiaes it saay be in the condition as ohown in step 2 
and ooeetiaee £n th© condition ehotm in step 3. 
However, even though there is a variation in the point at 
which the automatic control is initiated, it is possible 
to make the automatic control by a single proqraa since 
the rope motions after the automatic control has been 
initiated are fi«ed in that the drag rope is moved in the 
sense to be released while the hoist rope is moved in 
the sense to be pulled. Further, if there are irregularitiet 
on the terrain, the height from the hopper to the forward 
end of the boom way vary as the dragline is moved. To 
cope with such situation, the level or elevation of the 
bucket, hence the paid out lengths of the two ropes just 
prior to the dumping action are determined by an actual 
measurement each time the dragline is moved, and the 
number of residual pulses corresponding to said paid 
out lengths are cleared to reset the memory 
sero whereby the automatic control ©ay be performed by 
a single program. 

As stated above, only one program is usually 
required. But when there oro aubotantial changes in th® 
working conditiono, aore than two programs suitable to 
aeet e»pect©d working conditiono ©ay be prepared in 
advance so that an optisuo prograa may be selected for 




o 



o 



5 



) 



10 



oooo 
o o o 
o o o 

oo 

o oo 
o o o 
o o o 

o oo 

oooo 
o o 

oooo 2*5 

o oo 
o o o 
o o o 

o oo 

oo oo 

C7 O O 
O O 

o o 



o oo 
o o o 
o to 



y 



20 



ooo 



oo 
o o 

o ooo 



oo 
o o 

o ooo 
o 

OAOOOO 

o o 




particular conditions. 

Th© eaathod of controlling the bucket utilising 
an auxiliary rope will now be described • Although th® lateral 
saovesaent of the bucket during the duxping operation ©ay 
be substantially perfectly controlled by the automatic 
control so far described „ the control of the forward- 
rearward or longitudinal oscillation of the bucket i© not 
sufficient. The bucket is designed such that it is 



OO maintained in a generally horizontal attitude as well 



as 
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being prevented from rocking motion by keeping the drag 

ct 

and hoist ropes under tension. An angle/tt- is thus formed 
between the hoist rope 9 hanging down fro® the head sheave 
7 and the plumb line 7a from the head sheave (see Pig* <S) 0 
The re fore 9 if the drag rope 8 is slackened, the bucket 
i® displaced toward the plumb line 7a so that the 
excavated material is dumped over a correspondingly wider 
area* resulting in requiring a larger hopper. In order 
to avoid this problem, the present invention employs a 

or auxiliary rope in addition to the drag and 
hoist ropes . Ho re specifically, the auxiliary rope 10 
(Fig. 6) extends from a third or auxiliary drum mounted 
to the revolving frame 2 9 passes around th© head oheav® 
7 and is connected to the bucket $ for the purpoo® of 
controlling the tilt angle of the bucket as it carries 
thQ excavated material 0 As shown in IPig. 6, preferably 
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auxiliary rope 
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<C Of the bucket, passed around an auxiliary pulley 6b 
connected in tandea to a du«p rope pulley 6a, and trained 
•round the head sheave 7. With this arrangement the 
bucket is maintained stably in its horizontal attitude 
during the transfer or transportation, and a smooth dumping 
action is also insured. The function of the auxiliary rope 
is to control the tilt angle of the loaded bucket during 




Sw*** tran8fer *«* to share the load of the loaded 




bucket with the hoist rope while naintaining the controlled 
tilt angle of the bucket until it is unloaded. Accordingly, 
is required to change the difference between the paid 
Lengths of the auxiliary and hoist 





ropes only when 



|*he tilt angle of the bucket is changed. At all other 



ft 



ropes nay be moved in unison in their pay-out 
Vind "* up aotloM ' *nat i«# upon completion of the 
^•craping and prior to the transfer of the bucket, the 



lengths 



ropes axe adjusted to maintain 
horizontal attitude, and during the 
auxiliary rope alone is released, 
indicated above, since the addition of 

does not Bake the operation of the 



the 



tal operation using the 



possible and effective in its own 

hereinbefore, as the manual operation 
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I* inefficient, it ia preferable to sake the mtonatic and 
integrated control of the boon 4, drag rope 8, hoist rope 9 

r 

and auxiliary rope 10. 

The automatic control of the dragline with the 
auxiliary rope is described as follows i In Fig. 7a the 
boos is noved between the digging position (A) and the 
hopper position (B) . rig. 7b illustrates the sequential 



notions of the three ropes as the boon is noved between the 
positions (A.) and (B) . In step 1 the hoist and auxiliary 
ropes are paid out while the drag rope is wound up 
to be ready for digging. These ropes continue to be 
saved in the sa&e directions as the digging work proceeds 
until it is finished in step 2. During this tine the 
bucket has been rotated nearly 90* from its approximately 



rope has sagged 



auxiliary 
auxiliary 



rope ^lone is wound up in step 3 while the hoist rope 



:iliary 



ropes are wound up while the drag rope is paid out to 
lift the bucket to a level suitable for dumping. At 
this time the bucket is suspended generally directly 



below the head sheave because the drag rope is laparted 
a tension just enough to prevent the rocking notion of 
the bucket. Zn this condition the boon continues to bo 
rotated to bring the bucket to a position rioht above ti 
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wlcn other, it is quite 
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the notions of the hoist aad auxiliary 
ropes la Table Z shove that through the manual and automatic 
portions of control both of the two ropes move in the 

partner (steps 1# 2, 4 and 6) or otherwise the auxiliary 
alone mov?s while the hoist rope remains stationary 
(steps 3 and 5) • Accordingly, a single prime never nay 
be provided to drive the two ropes* Preferably, the 
prime cover is connected directly to the drum of the 
auxiliary rope which does not stop at any point of time 





and said drua is connected through a clutch to the drua 
of the hoist rope* Of course, this driving system would 
have no trouble in stopping both of the drums* 
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Pig. 8 schematically illustrates the principle 
on which the drive systea of the invention operates. At 
the right side 6t Pig. 8 there is shown a prime stover 22 
to which an auxiliary rope drum 25 is coaxially connected 
through a reducer 23 and a brake 24. A hoist rope drum 
27 is connected to the auxiliary rope drua through 
e clutch 26 and a brake 24a. The two drtns have pulse 
signal generators 28, 28 associated with their respective 
shafts. Considering this drive systea with reference to 
Table I, the clutch 26 is actuated in steps 1 and 2 to rotate 
both drums in the -e lease direction and then bring thea 
Into an idle condition. In step 3 after both drums have 
•topped the clutch 26 is disengaged, and the auxiliary rope 
drua 25 alone is rotated in the pull direction* In step 
4 the brake 24a of the hoist rope drua is released and 
the clutch 1b engaged to rotate the hoist rope drua 27 
along with the auxiliary rope drum 25. In step 5 after 
both drums have stopped, the clutch is disengaged and 
the auxiliary rope drum alone is rotated in the pay-out 
or release direction. In step 6 the clutch 26 is again 
engaged to rotate both drutas in unison in the release 
direction. In this Banner the hoist and auxiliary ropes 
can be operated very saoothly. The drive systea as described 
just above using a single priae aover nay be equally 
applicable to the manually controlled operation. 
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Here attention 1b directed to the meaning of the 
tern "auxiliary rope* as herein used* Most heavy-duty draglineB 
employ a dual -rope suspension system for the hoist rope 
seans (also for the drag rope means) comprising two drums, 
two head sheaves and two ropes. In such instance the 
auxiliary rope system according to the invention may be 
adopted simply by adapting one of the dual hoist ropes for 
QO the auxiliary rope without the need for providing an 



OQ additional single or dual-rope typo auxiliary rope means, 
CO 

10 because the load of the bucket is shared by the hoist 

and auxiliary ropes just as it is by the dual hoist ropes. 
Accordingly, no additional drum or head sheave for the 
auxiliary rope is required except that the connection of 
> one of the dual suspension ropes to the bucket and the 

driving connection of the two drums need be modified. 

The use of the automatic control according to 
the invention enables a reduction in size of the hopper 
for receiving the excavated material from the bucket. 
The planar dimensions of the hopper may preferably be 
such that one side of the hopper is 1.0 to 2.5 times 
as long as the length of the bucket. With less than 
1.0 times, the dumped material can spill out the bucket, 
and with greater than 2.5 times, it becomes difficult to 
• displace the hopper. More specifically, for the automatic 

25 control using the auxiliary rope it is particularly 
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preferable that the else of the hopper be such that one 
aide thereof la 1.2 to 1.5 times as long aa the bucket. 
Por the automatic control without the auxiliary rope, 
the hopper ia very preferably sized such that the length 
one side thereof is 1.5 to 2.0 times that of the bucket. 

The method of disposing of large lumps contained 



^ in the material dug will be described. Large lumps in the 

OO excavated material are separated by an inclined sieve means 

CO disposed over the hopper body to prevent them from falling 
CO 

Into the hopper. When large masses of rock or stone in 
the excavated material are in a relatively small amount, 
the separated large masses are put aside on the ground* 
and as a certain amount of masses^*** piled up, they may 



be loaded on trucks as by front-end loaders and carried 
out of the working area. Turning back to Pig. 2, there 
ia shown a method of processing large lumps in a more 
efficient manner in the case a great quantity of coarse 
masses is contained in the material dug. Largo lumps are 
deposited oh the coarse mass belt conveyor positioned 
adjacent the discharge end of the inclined sieve 15, 
broken to pieces of an appropriat^f sireL and withdrawn by 
a haul-off conveyor^f*. The broken fragments are then 
dropped through a chute 21 back onto the belt conveyor 13 
extending below the hopper to be carried away together 
with *~hose fine particles of the exacavated material passed 
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through the sieve* One form of large limp conveyor is 
known in which the frame is equipped with shock absorb: 
springs. A large-sized double chain conveyor may also 



be used. 



While any type of known crusher may be utilized 



|g for this purpose, a jaw crusher which is suited to 
0> process large masses and which may be made compact in size 
is especially desirable in the case it is not required 

* 

to break the lumps to very fine pieces. Por the haul -off 
conveyor, any ordinary belt conveyor or double chain 
conveyer may ba employed. 

All of said large lump conveyor 18, crusher 19 
and haul -off conveyor 20 may either be mounted on a wheeled 
^platform or may have their legs provided with boat-shaped 
shoes or wheels like the hopper as will be hereinafter 
described, whereby they may be movable along the belt 
conveyor 13. These components may be moved by 
towing them by heavy-duty machines such as a heavy-duty 
bulldozer, loader or the like. In some instances they 
may be pulled by a dragline. 

The method of applying the foregoing process 
of digging by the combination of a dragline and belt 
conveyor to the mining of multiple-strata coal mine will 
next be described. This invention provides a method 
comprising the steps of digging an overburden or an 
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upper layer of earth overlying the lowermost coal seam 

by a^ forgli me and depositing the excavated material directly 
on the gob areSi of said lowermost coal seamj and digging 
overburdens of coal /a save a above the lowermost coal seam 
by respective draglines and loading and transporting the 
excavated material on belt conveyor means laid parallel 
to the associated zones of the mining area by means of 
hoppers movable along the associated belt conveyors. This 

i 

method will be fully explained with reference to the 
drawings. Fig. 9 is a plan view of a stope in which 

three-strata coal seams are simultaneously mined. 

7 on Hie l»ne 

Pig. 10 is a sectional view taken^ n lines (A) - (A) 
in Fig. 9. The coal seams are called first, second and 
third coal seams 49, SO and 51 in the order from the 
top downward, and the earth layers overlying the 
respective coal seams are called first, second and third 
overburdens 52, 53 and 54. The stratm comprising the 
first coal seam and first overburden is referred to 
as first stratum. The two similar lower strata are 
termed second and third strata. A dragline 1, face 
conveyor 55 and hopper 14 are installed on each of the 
first and second strata. Extending along the outer 
boundary of the mining area is an intermediate conveyor 
56 which is disposed generally at right angles to the 
face conveyors and into which the face conveyors discharge. 



Further, a 90b conveyor 57 is laid at the gob or waste area 
to receive the discharge from the intermediate conveyor 
and io arranged to discharge into a stacker 58 for spreading 
the excavated Material over the gob cr waste area 59 froa 
which the coal has already been extracted. On the third 
overburden a dragline 1 only is installed. In general, 
shlf table belt conveyors are preferably used for the face 
conveyor 55 and gob conveyor 57 while the intermediate conveyor 
56 nay preferably be a fixed conveyor. Further, when a 
relatively large proportion of big lumps is contained in 
the material dug, a large lumps conveyor 10, crusher 19, 
haul-off conveyor 20 and chute 21 may advantageously be 
used in conjucntion with the hopper 14 as described 
ebove in connection with the arrangement of Pig. 2. 

The digging is carried out successively with 
tho first, second and third strata in the order named. The 
digging of each stratum proceeds from the starting point 
(not shown) toward the intermediate conveyor 56 along the 
face conveyor 55 usually with a cutting width of 30 to 50 m. 
First, uppermost or first overburden 52 is broken to 
fragments by blasting and dug by the dragline 1 in the same 
manner as described hereinabove in connection with Fig. 1. 
The excavated material is then loaded through the hopper 
14 onto the face conveyor 55 which discharges into the 
intermediate conveyor 56. The excavated material is 
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than discharged into the 90b conveyor 57 and ultimately 
dtnped through the stacker 58 behind the mining area, upon 
completion of the digging within the limits from which 
dragline 1 can reach the hopper 14, the dragline and 

hopper are moved to continue with the digging of the 
first stratus 52 in the same manners. When an appropriate 
length (usually 100 to 200 m) of the first coal seaa 49 
immediately b^lov the first overburden 52 has 
the mining of the first coal seam is initiated 
remote end thereof to proceed toward the working face 12 
of the first overburden. The coal mining may be 
by any conventional mining method using es$>los£vfcs, 
shovels, trucks (any of then not shown), etc. As 
excavating operation has proceeded to the terminal edge 
of the mining area adjacent the intermediate conveyer) , 
the equipment including the face conveyor 55, hopper 14 
and dragline 1 are transferred to the adjacent second 
zone of the first or uppermost stratum to dig the second 
cutting rone from the starting end towards the intermediate 
conveyor in the same manner. In this way the first stratts 
continues to be dug one zone after another. 

Upon the digging and mining of the first stratum 
having thus proceeded to a certain extent, the digging 
of the cecond stratum is Initiated with a space of ono 
or two cutting widths from that rone of the first stratum in 



- 33 - 



m 




1** 




Process of digging. The spacing of 000 or two cutting 
widths insure b a space for laying a face conveyor for the 

r 

second overburden digging as well as isolating the second 
stratus from the influence of blasting in the first stratum. 
The digging of the second stratus is effected in the ease 
way as the first stratum. Upon digging of the second stratus 
having proceeded for a few cutting zones, the digging of the 
third stratum is started. The third overburden is first 
GO excavated. In this case, hcvever, it should be noted that * 
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the excavated material is dumped over the gob area 59 
directly by the dragline 1 without using a face conveyor. 
The other operations are the same as the digging of the 
first and second strata. 

The excavations of the first, second and third 
strata thus proceed such that each succeeding stratum 
follows the immediately preceding one. The excavated 
material from the third overburden is piled on the 
waste area of the third stratum to fill it in the wake of 
the progressively worked third stratum. The excavated 
materials from the first and second overburdens are piled 
successively on the excavated material of the third overburden 
previously dumped on the waste area. Accordingly, as the 
digging of the various strata proceeds, the gob conveyor 
57 is transferred progressively forward. The entire 
mining area is thus a system moving parallel in an 



orderly Banner which provides a very high efficiency 
in operation with shortened distances of travel through 
which the excavated material is transported and a 
Bin in in working space required for the dining operations. 

Referring to Pig. 11, there is shown a hopper 
body 34 straddling the belt conveyor 13, the hopper body 
including a pair of opposed side walls 33, 33 extending 
parallel to the longtiudinal axis of the belt conveyor 
13 and sloping downwardly inwardly toward the conveyor 
to Zona therebetween a discharge opening through which 
the excavated material is deposited onto the conveyor 13. 
A pair of opposed end walls fnot shown) of the hopper 
body 34 extending transversely to the belt conveyor 13 
My preferably be disposed generally vertically in order 
to provide an increased area of the discharge opening 
and facilitate eaooth dropping of the material along those 
hopper walls, although the end walls My Le inclined with 
respect to the vertical plane transverse to the conveyor, 
if desired. 

The opposed side walls 33, 33 taay be of equal height 
or of different height to define a couth opening for loading 
the material dug. Extending across the raouth opening is 
an Inclined sieve Deans IS. Material dug is dumped over 
the sieve means 15 by the bucket 6 of the dragline 1 
(Fig. 6) and finer particles passing through the sieve are 
loaded onto the belt conveyor 13 to be hauled to an 
appropriate place (not shown) . 



Installed ir. ;ux ? apoc 1 t 1 cn the hopper bvdy 1 <» 



a largo lur-p belt conveyor ifi whsrr. ; r- adaj;t.c?<! ?o r 



e r* i v o 



and haul the lar^c iu;*r,.n of 
the 1 nc 1 mod nieve &ean© IS 



and r 1 ^**"'. f*eparato f » »>-• 



Trie side va 1 3 » jj, V3 of the hopr o r b^dy : 



are rrur.?.<?<1 



i 0 



to rjp}.omnc fnr^r'x ^ r > on banc* 10 rf whirr. are 

nour.ted boat-shared fhocfi 31 vr,;ch ride ulidahly or. sleepers 
32. The jaroc 1 wr-.p ^ 1 r convey- r 1ft . s cr r. * t r w r t ed ; r. a 



sir ; Mr r. r.e r . 



r; t.-«' a ; : r ec : a V e 



' h a 



• '*-;0 ' O ** «■* " 



* * * ' « 1 * 



n<e t h o d a c c o r d : r. • ; : o 



1 *~ * 



: : a 



w 2 t h 1>C I t. CO r, vo v or? 



e na i e «; 



* u 



v • < ■ * * * > . ; . . » v * _ * e o 



C o a . Be rr. f v*h : c h h as h e r e o f r ; 



prior art i7.«-thod \;s;r.r: dra*;! 



i r t ■ r- a i o r . e 



15 



The* present invention not limited to tr.e e^todi- 



different forma without departing froa the spirit and 
scope of the invention. By way of exaaple, even in the 
case of a single stratum coal seats, if the overburden 

20 above the coal seas is so thick as to exceed the 

working capacity, the digging of the overburden nay be 
effected efficiently by dividing the overburden into an 
appropriate number of layers so that these layers aay 
be worked by the multiple strata digging method of this 

25 Invention. Since the efficiency of the strip airing 

depends for the most part upon the efficiency of wining 
of overburden, the industrial value of this invention i\ 



considered extreaely high 
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1. A tact hod of -V — ling and tran'f ort i n<? soil an<l 

&arvd, rock « and Rtc*w. raU or the like by the uro 

of a dragline inclwd. bucko'- ^onfl for digging an1 

carrying said soil, rocks, rsincraU, or ho liko, a 



booe& wans m l i n -j for Twirvjin.^ nov<*r^?nt therewith, 

a bucket control »ev 6 for controlling said bucket war.s, 
and a boom control noana for controlling the svinging 
raovefaent of said boose raeans, said method cosspr i s i ng the 
steps of : 

(a) fixing a hopper racann at a predetermined 
location ©traddling a conveyor »oans for transportin} the 
mate-rial dug, said hopper aeana being ahift^blo along the 
conveyor rKann and adapted to receive the dug rvjterial as 
carried in the bucket Meann by »a:d dragline and load 
the material onto the conveyor ,s*o.*in» ; 

(b) jx>sitioning aaid dragline at such a 
location that the dug Mtcr ial in the bucko? t*cana i=-ay 
t>c duaxpod fro^» right abovo aaid helper ft^nn*i 

(c) digging &oil f rock, ^morals, otc ar-d 
loading the material dug onto tnid noppor t<p.r.a by 
operating s.iid bucket" cent rol w.ir.a and booa vcnttol rrear.o 
at aaid location* and p<?rforiring a*.;ch digging and loading 
oj^rit ions in a like no nncr vuh ^ a i d boccs -<? a r. a j^ait io r. c<i 
*t ito various rtving posit in na. rr»;ui rrd: 
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fd) thereafter fchift;r.o said hoppei reans by 
a certain distance along mid conveyor Poar.i; and fixing 
it in place: 



{ e ) carry! ry* out the k t e p k ( h } and ( c } : a r. d 
ff) rc^at ino the steps *di and (o), a r> 



recj 1 re d . 



CO ?. 



A. rx»thod according 



to 



OO ^ * wee n Piid f *cpf <c) and ( d ) „ 'ho stops of 



{ C - 1 } rr-ov i n<3 Raid d r a c 1 l r. e t o a r.o t ho r 1 oc a t i 



on an arc with itc center at the rcr/rt of said hopper 
means and with a radius oqual tr the distance between 
the center of the hopper n*oane and the center of svj^g of 
said boon neanB, after completing the digging op-c ration 
in sa id step (c) ; 

tC - 2) performing the step (c) at said another 
location; and 



(C - 3) repeating said 3tc?; n 



• • • 



3 . 

step (C 



A net h od acccrd \ n 



c 2 a : rr. 2 vhrrc :r, : r. 



* V 



- 1) »aid another Ic-oat 



is to bo moved in d<? 1 1? rr : :vc < 



A 



« * 



04 
* * 



d i s t a nee r.c c s u r i n ^ rr.c ana 1 a " a 1 1 <• d 



4 . 



A r*c t h*> d ercord ■ f ■ a r. y o i c 



who rein the digging oj^m' lor. : p-c r f o r r <- * ; a . r. ; a 
plurality of r! r a 9 1 ,\ r.c £ , hep r r *• a n a a r.d c <„ r. v y r r.c- a : . a 



and fur. her including the? stcpn c f ; 
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• • •* 

* « * 



. )•. 



• * 



• 

* 



iq) installing a nocond hopper s>oann and a ^ocor/! 



conveyor means generally parallel to and with a prodet-rmi 



nod 



spacing away f r*on said first ho,n>or neans and first -onvoycr 
aoans on the dug surface which has hr^n worked by tho first 



draal in 



no a f ,s ; 



^ ar. cor,]ur/Ctjon with the first hoj-.p** r . and convoys r 



(h> positioning a second dr.iqlinc at such a 



location that the dua tutorial lead 



co in the bucket r#ean 



of sa;d sccor.ri dragline r-ay be durr^d fror. riant abov 
said second hop;x? r r^car.s: 



(a) p«er fcrnir.c said steps (c) to »' f 



i ir.vclv;na 



or not involvir-r; the r^cp? (C - : 



3 ) ; a r.d 



( ? ; success : vo I y d;r;r;; r . f ; »he proccdir.7 du<7 surface 
in like rr^anner, as required. 

* ""-cthod according to cl;un 4 wherein the 
tnaterr.al du9 try the dragline Jr.r'.nT.cd on the lowermost 
doe surface is dumped f rc» said draoiine directly over 
the already worked site of the lowerrvost du<j tsurface 



rather than boincj carried awav fr«~ th 



e wo r k : r.<j a r o a , t h<* 



*r.atcria2 du<? from or.e or r^rc du<j s 



th 



c : c vc r r 



.1 i; o 



• v. 



hauled Ly ' .\c aaacx-ia-t-d r< ; r,v<. ; r ; r. 



a separate c c ♦ v e * 1 n ; . 3 , 



» V r- * * - 



1 r. > t a 1 ] 



• .•'•it ^\ 



r - .1 < c: 



• • 1 



• ». 



s a i <I co 1 1 «? <- • c- d :i r^i • c r 1 a 1 



J. 
6 



% 



P. 



I 



I 




a*. 
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A, t*«+ \ v.-;*-! accord \ rn 



cUin 1 to 



r 



vhoreir. ; r. said step (c) r:*i'! ^jrV**! ronlroi near.s ,r/! V-o^r 
Tor.lrol p^an* arp o^r^torl so as to lift wp said bucV.o?. 



Ana a f t «* r it has sc r a r o<1 Rrj i t rock, !sir,<?rnls or 



ao 



like th^rom, s i r, 7 s a 1 r ! 



r**< o a r* r 



a r-o^iriop. ri-rht 



above <;aid ho;.por ^«in«, a nd dur-.p the material f ror* ths? 
huoVe* ro*rsR, said bucket control rrn^rs including 

a first hoist r ^ ; -o passiro over a ' usr head sheave r.cur.tod 

lo said r>oacr ne-.r.s ad Saccrst the forward end thereof a r.d 




sus;>c-.d : no sa 1 :-ir-v„* - :f > r . r , , a dra? rope frr ; v. 1] : r.n 



said bucV.r 1 -r-ar. s t«-.*ard the rr ,*» 



}>odv of t.ho drarrlsrv 



* • • 

• • • 



• •• 



to scrape the r»nj ] , ro'rv, minora 1 



r the 1 i k e \ n t.c the 



►uoVo» ffo.ir.ft, a fir:;', hoj^. ropo d r urr. nnnns for selective 



Y 



winding up and pay 1 ;-.-<? out the first hom rope, and a drao 



rope drum ne«m» for selectively w;~dm<7 up n-v! paying cut 
the dr^9 rope, said lx>c*^ centre- rroann inc!uf!;r/; a 
boon drive meant* for nvin<jln«j said booc? moan a, each cf 



said firat hoi at rope drvan neann, said dr.v; rope drvw s<?ane 
and said boon drive near, 3 having a pu 1 oc rifjn^l 9cr.or.1tor 



installed lta drive shaft, each, o! said pulne slmal 
<jenerators bein*; adapt od to pr--'d*ace puJnea p;,*cj^ r t lor.a ! 



in number to t .*.<- r.u»U-r of irvolv;! ion a <. : f i? 



a a 5 noc i a * c :! 



* ♦ 



drive shaft ar.fi h~iv*:<j l v<l- 



uj,-or. t ho d : : or t ; <. 



c f 



ft .1 



• 1, 



•i r. ( . 



* • » 



o <; 1 \ i v-r- n i r; r. a do ; *• r.d ; r.*; 



m * - 4 * W 



bu c k c t control r«e a r. n a rxl 1 c • r < > 1 rear. *: - 



•1* * 
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automatical ly controlled according to tho n-imber of residua! 

on^a of pulses produced. 

* 

A method according to any one of clnins 1 to 5 
wherein ir said step (c) said bucket control noans and boon 
control neons are op-eratod so as to lift up said bucket 
©cans after it has scraped soil, rock, minerals or t:>c 
like therein, swing said boom me ins to a position right 
above said hopper means, and dump the materia} f ron the 
bucket means, said bucket control means including a first 
hoist rope passing over a first head sheave mounted to said 
booni xneans adjacent the forward end thereof and su sp**;idi -*g 
said bucket means, a drag rope for pulling said bucket 
means toward the main body of the dragline to scrape the 
soil, rock, minerals or the like into the bucket means, a 
first hoist rcpe drum means for selectively winding up and 
paying out the first hoist rope, and a drag rope drum means 
for selectively winding up and paying oui the drag rope, 
said bucket control means further including a second hoist 
rope passed over a second head sheave mourted to said 
boom means adjacent the for-vard end thereof arA adapted 
to control the tilt angle of the bucket near.:* when it carries 
the material dug and a second hoist rope drum for selectively 
winding up and paying out said second hoist rope, said bocc 
control means including a boom drive* means for swinging 
said boom means. 
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A snot hod accordir. f ; to el a in 



n ^ r e ; r. ^/ich of a a i d 



firs?. *a nd sec on d he iftt rope d r r-e <ir,s a r. d s a ; d d r a <; 
rop drua ssesr.s , a^id drag rope drw. ^eanf and said 
bo or- drive ;r.eans ^avmc a pulse »i<ina 1 f jor,cr.>tor inBtal led 
i %.n drive shaft, ^ach of ? a i d p u 3 s i 'in a 1 fifnnr.itorp 
he;r.c adapted to produce pulses proportional i r. r.>3rl>rr to 
the r.ur-tx r of revolutions of : ts associated drive shaft 
ar.d r,av : - '; : f - * ; *. ar.d r.«-';a t ; ve p ; r. p c*o;*i*r,c* ; - 



r ;> t r <~ I 



* r — 
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; olscs ) ■ r i >du i 
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\ r.o i hod 
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r a 
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o i a rt i a o - i n<- 



rc?t*r enci* to !"if:ur<*:* 2 ? <. .0 * f 
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